Lyndon B Johnson Space Center 






1)MS DR- 2 521 
NASA-Ck 167,694 


RESULTS OF THE AFRS1 REWATERPROOFING 
SYSTEMS SCREENING TEST 
IN THE NASA/ AMES RESEARCH CENTER (ARC) 
2x2-FOOT TRANSONIC WIND TUNNEL 
(OS-310) 



y 


(NASA-Ca- 16703**) NPSlLTo OF Ifc^ APS3I 

LaMA IJ bEPSCOf X MG SYSTtsES SCk- Si-MIN CJ 723T IN 

TUP. NaSA/AKjs 3 afcSAAiiCh C3NT*3 (A»C) 2 X 

A-rOCI T BASSO NIC NINE lUNNfel (Cnrysler 

Ccrp.) 117 y HC Awb/KF A01 CSCI 22B G3/16 




DOfCl fllOfW.tMtNT St.KVICt.S 


MICKOUD ENGINEERING OFFICE 



CHRYSLER 

COHPIJH At I OO 


*65-22467 


line las 
2 r 521 



March J985 


QMS DR- 2 521 
NASA-CR 167,694 

RESULTS OF THE APRS 1 REWATERPROOFING 
SYSTEMS SCREENING TEST 
IN THE NASA/AMES RESEARCH CENTER (ARC) 
2x2- FOOT TRANSONIC WIND TUNNEL 
(OS-310) 



i 


by 

J, Marroquin and R. B. Kingsland 
Rockwell International 
Space Transportation Systems Division 



Prepared under NASA Contract Number NAS9-17179 


by 

Data Management Services 

Chrysler Military-Public Electronic Systems 
Michoud Engineering Office 
New Orleans, touisiana 70189 

for 

Systems Engineering Division 
Johnson Space Center 

National Aeronautics and Space Administration 
Hous ton , Texas 


> 




WIND TUNNEL TEST SPECIFICS: 


\ 


Test Facility: 
Facility Test Number: 
NASA Series Number: 
Model Number : 

Test Start Dote: 

Test Completion Dote: 
Occupancy Hours: 


ARC 2x2-Foot 
540-1-22 
OS-310 
124-0 

November 10, 1982 
November 23, 1982 
80 


FACILITY COORDINATOR: 

J. J. Brownson 
Ames Research Center 
Mail Stop: 227-5 

Moffett Field, CA 94035 
(415) 945-5447 


D. Fresher 
Ames Research Center 
Moil Stop: 227-5 

Moffett. Field, CA 94035 
(415) 945-4258 


PROJECT ENGINEERS: 

R. B. Kingsland (213) 922-1443 
J. Marroquin (213) 922-2495 
J. Rivin (213) 922-4949 


Rockwell International 
Space Transportation Systems Division 
12214 Lakewood Boulevard 
Downey, CA 90241 


DATA MANAGEMENT SERVICES: 
Approved: 



Concurrence 

& 




Kemp 


la ftage r 
Data Management Services 


Chrysler Military-Public Electronic Systems/Michoud Engineering Office 
assumes responsibility only for the reproduction and distribution of 
this document. 


ii 


RESULTS OF THE APRS I REWATERPROOFING 
SYSTEMS SCREENING TEST 
IN THE NASA/AIvCS RESEARCH CENTER (ARC) 

2x2- FOOT TRANSONIC WIND TUNNEL 
(OS-310) 

by 

JOHN MARROQUIN 
ROCKWELL INTERNATIONAL 
SPACE TRANSPORTATION SYSTEMS DIVISION 

ABSTRACT 

An experimental investigation was conducted in the NASA/Ames Research Center 
2x2-foot Transonic Wind Tunnel from November 10 through 23, 1982 to evaluate 
two AFRSI rewaterproofing systems and to investigate films as a means of re- 
ducing blanket joint distortion. The wind tunnel wall slot configuration 
influence on the flow field over the test panel was investigated,' primarily 
using oil flow data, and resulted in a dosed slot configuration to provide 
a satisfactory screening environment flow field for the test. Sixteen AFRSI 
test panels, configured to represent the test system or film, were subjected 
to this screening environment (a flow field of separated and reattached flow 
at a freestream Mach number of 0.65 and q = 650 or 900 psf). Each condition 
wcs held u..til damage to the test article was observed or 55 minutes if no 
damage was incurred. 


The data used to evaluate the candidate AFRSI configurations consisted of a 
comparison of the time to failure of the AFRSI panels from this test with 
the time to failure of previous successful AFRSI test panels. All objectives 
related to AFRSI rewaterproofing and to the use of films to stiffen the blan- 
ket fibers were achieved. 
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INTRODUCTION 


A sequence of environs test prog™, wos tnitiotod in Mo, 1,82 to provide 

experimental doto on the life of APRS I moteriol under expected environmental 

loadings. This program .os designed to sequential!, expose the APRSI to »ind/ 

rasn environments, oerod^omie <»d acoustic ascent loadings, and radiant 

thermal h«Un,. This sequence simulate, the loading environments encountered 

*nn, each flight, the .launch pod, during lift-off, during OIealt ^ 
entry. 


ring the initial series of .ind/roin, acoustic, and heating tests, the Con- 
te reW ° UrPr00fi " S APRSI proved inadequate .t»n subjected 

to entry temperatures above 1JOO°P. oddiuon, .i„ d tunnel tests revealed 
that the blanket Joints .ere ea.il, distorts. As a result, fu ms . ire beln(J 

contemplated for use in Stiffening the Hate, ends to minimise gaps between 
the blankets duert. ascent airloads. Some of these ,i ta « re 
waterproofing materials to be applied to the AFRSI. 

Test OS-310 .as developed in response to these findings ord «,s conducted in 
the NASA/Ames Research Center 2x2-foot Transonic Wind Tunnel from November 10 
through November 23, 1,82. The purpose of this investigation wo. evaluate 
*“ APRSI rewaterproofing system and to investigate films os a .mans of re- 
ducing blanket Joint distortion. oddition, needle damage infli cted to the 

APRSI during the se.ing process .os investigated to determine ho. it affected 
the life of the AFRSI material. 

during earlier tests with the same test set-ga loeal fi * , 

as I set g P , ioeal fi ow perturbations and 

af uniformity were -countered. Oil flaw visualisation and pressure 


4 



INTRODUCTION (Concluded) 


calibration tests were carried out in an attempt to eliminate the local flow 
perturbations and obtain a more two-dimensional flow field in the test sec- 
tion. Various separation wedge and tunnel wall slot configurations were tested 
at Mach numbers ranging from 0.65 to 0.82 and dynamic pressures of 138 to 
1000 psf. A reasonable simulation of two-dimensional flow was achieved. 

A total of 16 AFRS1 specimens were tested: nine had blanket joints while 

the other seven were one-piece baseline configurations. Specimen testing was 
accomplished at a constant Mach number of 0.65 with dynamic pressures^ of 
650 or 900 psf. Eeeh condition was held until damage to the test article 
was observed or 55 minutes if no damage was incurred. 

This report contains information on the eonduet of the test, details of the 
model and instrumentation, o summary of the test schedule and conditions, 
plotted and tabulated pressure data, and photographs of the AFRSI specimens 
tested. 
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NOMENCLATURE 


SYMBOL 

MNEMONIC 

DEFINITION 

GONE 


Test Configuration 

Cp 

CP 

Pressure coefficient, data 

HW 


Wall position 

IML 


Inner Moldline 

M 

MACH 

Free stream Moeh number 

GML 


Outer Mold line 

P« 

P 

Free stream static pressure, psia 

Pa 

PL 

Local static pressure, psia 

Pt 

PT 

Free stream total pressure, psia 

q 

Q 

Free stream dynamic pressure, psf 

R e 

RE or RN 

Freestrean Reynolds number, per ft 

T s 

TS 

Freestrean static temperature, °R 

Tt 

TT or Tfp 

Freestrean total temperature, °R or °F 

v. 

V 

Freestream velocity, ft/sec 

X 

X 

Longitudinal distance positive, inches 
oft of panel centerline 

Y 

Y 

Lateral distance positive, inches right 
of panel centerline 

P 

RHO or RO 

Freestrean density, slugs/ft^ 

Prms 

PRMS 

RMS value of the variations from the 
mean value of the loco pressure, psi 

WH 


Wedge height, inches 

WL 


Wedge length, inches 

WX 


Wbdge direction position, inches 
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REMARKS 


During run numbers 10, 30, 40, 41, 42, 43, and 50, the tunnel dale acquisition 
and Scani valves showed scene anomalies. Attempts to clear the problem were 
not successful. Since the oil flow test could be achieved without the pres- 
sure data, testing was resumed without any further delay Computer and Scan" 
ivalve problems were solved aftev run 43.2. 

During the initial pretest calibration, 21 Kulites were available af which 
three were found to be defective. These were Kulite numbers 17, 22, end 204. 
These Kulites were replaced with Kulite numbers 19 and 21. A total of 18 
Kulices were used to obtain the fluctuating acoustic data during the calibra- 
tion runs. 

Data from a previous test (OS-301 ) in the ARC 2x2-feot TWT showed a lack of 
flow symmetry and regions of concentrated turbulence over the AFRSI test panels. 
In response to these conditions, visualization tests were conducted during Test 
OS-301 whieh showed a eross flow on the panels. This cross flow was apparently 
eaused by air from the plenum chamber being drawn into the test section by the 
aetion of the low pressure field created by the presence of the separation 
wedge. For this reason, thorough oil flow and calibration runs were conducted 
during Test OS-310 and a satisfactory screening environment was achieved by 
mechanically backing all wall slots. 
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GONFIGURAT IONS INVESTIGATE) 


The configurations used in this test did not duplicote any g™, ; trJ e surface 
of the Spann Shuttle arbiter. A test article holding fixture, used during 
previous tests, was mounted in the tunnel's movable wall. The fixture. Model 
11.5-0, was modified so that it would place the test articles in the center of 
the test section. During Test QS-3JQ, the tunnel's movable wall was kept in 
the flush position (HIM)). The porosity of two of the tunnel surfaces was 
controllable. The other two had no provisions for any porosity. Four wedges 
were used to disturb the tunnel f low. All wedges had a 45=degree rasp to the 
flow. Three different wedge heights were used, 0.5, 1.0, and 1.5 inches. One 


wedge had a length of 23 .4 inches, all the ethers were 20.75 inches long. The 
wedges were positioned at either X - -11.? inches or X - -16.4 inches. 


A dummy panel with grid marking was used during the oil flow portion of Test 
OS-310. Another dummy panel with instrumentation installed was used to cali- 
brate the pressure distribution in the area of the test erticles. 


Sixteen test articles were used during this test. Each had an exposed surface 
of 15.5 x 12.5 inehes end was mounted flush to the tunnel wall in the holding 
fixture. A description of each panel is presented in Table III. 
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INSTRUMEfffATION 


Cota for Test G&-310 consisted of time averaged und fluctuating pres; me 
n^usurements, . The 32 static pressure orifif.es in the fixture were used 
iluring the entire test* fifteen additional orifices viere used with the 
calibration panel. 

Twelve Kulite transducers in the fixture were also used during the entin 
test. The calibration panel contained 22 additional Kulite transducers. 

The locations of all this instrumentation are shown in Figure 1. 


TEST FACILITY 


The ARC 2x2-fooi wind tunnel was used for these tests. The tunnel is of the 
continuous flow t/fe with variable porosity test section walls surrounded by a 
plenum chcmber . Mach number is continuously variable over the range from 0.6 
to 1.4 and dynamic pressure is continuously variable over the range from 200 to 
1500 psf. 

The tunnel can be operated so that one section of the side woll moves up to 1.4 
inches into the oirstream. The upstream edge of the movable wall is a sharp 
edged splitter plate whieh seoops off all or part of the tunnel sidewall boundary 
layer. It is possible to position the wall to achieve a boundary layer thick- 
ness frc.n 0.25 to 1.0-inch in the panel test region. 
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TEST PROCEDURE 


Th« test ees conducted in three ports. First, o study «os mode. using oil, to 

define the sorfoce flo. pattern. The tunnel's eoll porosity, Mach, <nd dynamic 

pressure eere varied. The floe separator .edge height, length, and X-station 
were also varied. 


After a usable floe field .as found, an instructed calibration panel .os 
installed in the tunnel. The time- veraged pressures and the acoustic pressures 
■ere recorded for various tunnel and .edge conditions. When the proper environ- 
ments had been defined, the test articles wre inserted into the fixture and 
run. A detailed run schedule is presented in Table II. 


DATA REDUCTION 


Standard tunnel equations wire used to compute all tunnel conditions. 

The time-averaged pressure data was recorded and reduced to standard coefficient 
form by the facility using: 

Cp = (Pi - Poo) x 144/q 

Plots of this data are presented in Figures 4 through 8, This data is tabulated 
in Appendix A. 

Fluctuating acoustic pressure data was recorded on magnetic tape, then played 
back so that the Vibration and Acoustics group could analyze the data. The data 
was converted to dB's using: 

dB = 10 1™ 1f Y PRM$ x 1q5>N ) 

V 2.9007 / 

Representative data are presented in Figures 9 and 10. 
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